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Introduction: 68Ga-PSMA-PET/CT has proven its value in prostate cancer
with high positive predictive value for lymph node metastasis and superior de-
tection of distant metastasis. There is growing evidence that 68Ga-PSMA-
PET/CT has high sensitivity for detection of tumor lesions in the prostate as
well. Studies thus far have mainly been performed in patients prior to prosta-
tectomy. Aim of this study is to evaluate diagnostic accuracy in a mixed pop-

ulation of men with increased risk of prostate cancer and evaluate diagnostic
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sion. Methods: The population consisted of a retrospectively included se-
quential cohort of 69 patients with 68Ga-PSMA-PET/CT and mpMRI availa-
ble. 68Ga-PSMA-PET/CT was re-evaluated by two readers blinded for mpMRI
and clinical information. Likelihood of tumour presence, extra-prostatic ex-
tension and seminal vesicle invasion was scored on 5-point Likert scale and
localized schematically. Results were compared with mpMRI. Available pa-
thological outcome served as gold standard. SUVmax of index lesions was
measured and correlated to index tumor Gleason grade. Results: Clinically
significant prostate cancer (Gleason > 3 + 4) was detected in 57 (83%) of 69
patients. Diagnostic accuracy was 89% for PET reader 1, 93% for PET reader
2 and 86% for mpMRI. Lesion concordance of 68Ga-PSMA-PET/CT and
mpMRI was 97%. SUVmax of the index lesion correlated to Gleason grade.
Sensitivity for extracapsular extension in the prostatectomy group was 62%
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for PET reader 1, 33% for PET reader 2 and 50% for mpMRI. Specificity was
62% for PET reader 1, 100% for PET reader 2 and 69% for mpMRI. Conclu-
sion: Ga68-PSMA-PET shows high accuracy in the detection of tumor lesions
in the prostate. Results on evaluating extra-capsular extension and seminal
vesicle invasion are comparable to mpMRI. This study adds to the increasing
evidence that 68Ga-PSMA-PET/CT is imperative in detection of prostate can-

cer prior to biopsy.
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1. Introduction

Prostate cancer is a disease with high incidence and often has an indolent course.
Adequate early detection of more aggressive cancers is imperative when aiming
for curation. Meanwhile preventing unnecessary invasive diagnostic methods is
important as well. It is key to accurately detect the location of those lesions with
a high grade of malignancy. In patients with increased risk for prostate cancer
based on raised serum level of prostate specific antigen (PSA), standard trans-
rectal ultrasound (TRUS) guided biopsies may not be representative and malig-
nancy grade can be underestimated. Several studies have confirmed the addi-
tional value of multi parametric magnetic resonance imaging (mpMRI) guided
biopsies and recent guidelines support mpMRI-based targeted biopsies in biopsy
naive patients [1] [2]. mpMRI-guided biopsy while omitting random biopsies
will be at cost of missing 5% - 10% of significant cancer [3] [4]. Sensitivity of
mpMRI is lowest for lesions located ventrally in the prostate in the transition
zone. This region is more difficult to evaluate on MRI than the peripheral zone
and is traditionally not part of standardized random biopsies [5] [6]. Addition-
ally, mpMRI positive lesions (PIRADS 4 or 5) lack specificity and are hard to
differentiate from focal prostatitis, atrophy, scarring and benign hyperplasia no-
dules, resulting in a negative biopsy in 20% - 40% of cases [2] [7]. More impor-
tant, accurate acquisition and evaluation of mpMRI is a critical challenge and
demands experience and frequent exposure [8]. With the increased demand for
mpMRPD’s for cancer detection, an alternative diagnostic tool with straightfor-
ward accurate detection would be welcome. Moreover, an alternative to mpMRI
would also be a solution for patients ineligible for an MRI because of metal im-
plants or claustrophobia.

PSMA-PET/CT was initially indicated for detection of location of tumor ac-
tivity in patients with biochemical recurrence [9]. High diagnostic accuracy for

metastatic disease led to PSMA-PET/CT being advised for primary staging in
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patients with high risk and intermediate risk cancers as an alternative for the to-
tal body bone scan or 18F-Methylcholine-PET [10]. Recent studies have shown
promising positive predictive values in the detection of lymph node metastasis
[11] [12] [13]. In addition to regional and distant staging, a logical next step
would be to determine the role of PSMA PET/CT in local detection and staging
(T-stage) of prostate cancer.

Several studies have shown beneficial results for the PSMA-PET/CT compared
to mpMRI in primary tumor detection in a high risk population with proven
prostate cancer [14] [15] [16] [17] [18]. Better delineation of tumor volume has
been shown which could be relevant for planning of radiation therapy [19]. Lop-
ci et al. showed high sensitivity and specificity in PSMA-PET/TRUS fused biop-
sies for detection of prostate cancer [20]. Hoffmann ef a/. concluded that 68Ga-
PSMA-PET/CT guided biopsies increased diagnostic precision and reduced de-
tection of insignificant cancers [21]. PSMA-receptor expression is correlated to
malignancy grade which is important for obtaining representative biopsies [22].
Besides Ga68-PSMA, there are other PSMA bound tracers: a study of Turkbey et
al. with 18F-DCFBC-PET/CT showed a sensitivity of only 61% while mpMRI
performed really well (92%) [23]. A study with 18F-PSMA-1007-PET/CT, showed
good diagnostic accuracy compared to mpMRI (75% and 73% respectively)
[24].

Von Klot et al found promising results regarding the ability of PSMA scan to
determine lobe infiltration, extra-capsular extension (ECE) and seminal vesicle
invasion (SVI) [25]. Muehlematter et al. reported increased sensitivity for ECE
and SVI in favor of Ga68-PSMA-PET/MR in comparison with mpMRI at cost of
a slight decrease in specificity [26].

The majority of studies thus far have been performed in patients with proven
prostate cancer prior to prostatectomy. In these populations, sensitivity could be
overestimated because of the awareness of the readers that tumor was present.
Specificity on a per patient base cannot be determined when the whole included
population has disease presence. It would be of interest to compare 68Ga-PSMA-
PET/CT to mpMRI regarding local detection and staging in a clinical setting
with a population with uncertainty regarding the presence and extension of pros-
tate cancer. When results for 68Ga-PSMA-PET/CT prove to be comparable to
mpMRI, one might even consider omitting mpMRI in de primary work-up in
the future. In intermediate and high risk patients there is already an indication
for 68GA-PSMA PET/CT for regional and distant staging. Evaluation of 68Ga-
PSMA-PET/CT in studies which aim at determining accuracy, should be blinded
for mpMRI results. Otherwise, results will not be representative for clinical use
when diagnosis prostate cancer is not yet been established.

Primary objective of this study is to compare 68Ga-PSMA-PET/CT to mpMRI
with respect to detection and localization of the primary tumor and in defining
local T-stagein a mixed population with and without clinically significant pros-

tate cancer.
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2. Patients and Methods
2.1. Study Population

The study was designed as a comparative study between the 68Ga-PSMA-PET/CT
and mpMRI prostate performed for primary detection and staging in a retros-
pectively included cohort. Study population consisted of allpatients in whom a
68Ga-PSMA-PET/CT was performed between October 2016 and March 2019
and who were treated in the Meander Medical Centre Amersfoort. Ethical ap-
proval of the hospital board was given. The study was conducted according to
the principles of the Declaration of Helsinki [27] and in accordance with the
Medical Research Involving Human Subjects Act [28].

Inclusion criteria were availability of mpMRI prostate and 68Ga-PSMA-
PET/CT obtained within a one year interval. Patients who already underwent
treatment for prostate cancer before either the mpMRI or 68Ga-PSMA-PET/CT
was performed were excluded. One patient showed bladder cancer after revision
of biopsy histopathology and was excluded. 69 patients were available for analy-
sis. In 68 patients, biopsy histopathology results of the prostate were available,
one diagnosis was made based on a histopathological proven lymph node me-
tastasis. In 31 patients prostatectomy was performed with additional definitive
histopathological results available of the entire prostate and extra-prostatic ex-
tend.

2.2. Imaging Techniques

PET/CT (Siemens PET/CT Biograph mCT S40) from head to upper legs (3 mi-
nutes per table position) and non-contrast enhanced CT (regular dose) for at-
tenuation correction and anatomical correlation was performed 60 minutes (+5)
after intravenous administration of 1.5 MBq per kg body-weight 68Ga PSMA-
HBED-CC, maximum dosage 187.5 MBq and 10 mg furosemide. 68Ga-PSMA
was produced on-site according to good manufactory practices using a Ge68-
Ga68 generator (Isotope Technologies Garching; ITG, Munchen, Germany). Two
readers (R1 and R2) re-evaluated all 68Ga-PSMA-PETs blinded for clinical in-
formation and mpMRI images using a standardized protocol. Presence of a le-
sion was determined as increased focal activity related to prostate background.
Likelihood of the lesion being clinically significant (Gleason = 3 + 4) cancer was
scored on a Likert scale from 1 - 5 (1; not present, 2; unlikely, 3; possibly, 4; like-
ly, 5 very likely). Most active (index) lesions (lesion defined as PI-RADS > 3 + 3
for mpMRI and Likert 3 for 68Ga-PSMA-PET) were localized schematically in a
12-segment model [16]. Standardized uptake value (maximum) of the most ac-
tive region was registered as well as SUVmean of background prostate by central
placement of a VOI of 1 cm?, with caution not to include a lesion. Suspected ex-
tra-capsular extension was scored on a Likert scale (1 - 5) based on proximity to,
or extension beyond prostate capsule of activity maximum. Suspected seminal

vesicle invasion was evaluated similarly, based on lesion proximity to base of
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seminal vesicles and on focal intensity.

MRI was performed on a Philips Achieva 1.5T after intravenous administra-
tion of 20 mg Buscopan. T1w, T2w, diffusion 0-50-400-800-1200 and dynamic
contrast enhanced series after administration of 20 cc Gadolinium, 2.5 cc/sec
were obtained. Evaluation was performed in clinical setting by one of two expe-
rienced radiologists according to PI-RADS-v2 protocol. Localization in the 12-

segment-model was done additionally for study purposes.

2.3. Histological Examination

Random biopsy was performed by TRUS, at least 4 cores left and right were ac-
quired, withadditional cores depending on prostate size. In case of palpable or
hypo-echogenic lesions, additional targeted biopsy was performed. mpMRI guided
biopsies were performed in nine patients because of negative random biopsies
and persistent suspicion of prostate cancer. Histopathological evaluation was
done according to ISUP standard protocols for Gleason grading by experienced
pathologists [29]. Clinically significant disease was defined as Gleason 3 + 4 of
higher. In a subgroup of patient with prostatectomy, presence of extra-capsular
extension and seminal vesicle invasion was registered. In case of discrepancy
between results of biopsies and prostatectomy, results of the latter overruled ear-

lier results.

2.4. Assessing Imaging and Histopathological Concordance

68Ga-PSMA-PET/CT was considered positive for lesions with Likert 4 and 5
scores. mpMRI was positive in case of PI-RADS 4 and 5 scores. Histopathologi-
cal Gleasongrade > 3 + 4 was considered as clinically significant prostate cancer.

Concordance of lesionlocation was defined as presence of a lesion (PI-RADS
or Likert > 3) in a least one corresponding segment. Discordance was defined as
presence of a lesion (optionally a second lesion) with no identical segments
(Figure 1). Lesion absence in both 68Ga-PSMA-PET/CT and mpMRI was con-
sidered as concordance. Tumor volume on 68Ga-PSMA-PET/CT was compared
to mpMRI by per patients registration whether more segment were involved on
68Ga-PSMA-PET/CT or on mpMRI (Figure 1).

2.5. Statistical Analysis

A quantitative description (continuous or ordinal scale) of different parameters
was given (median or mean and standard deviation). Comparison of the sensi-
tivity, specificity, positive and negative predictive values as well as accuracy of
the diagnostic test was presented with histopathology as gold standard. Extra-
capsular extension and seminal vesicle invasion was compared to mpMRI for the
whole group and an additional analysis was performed in a subgroup of patients
that had a prostatectomy.

Correlation between SUV max and Gleason grade was determined by two-

sided spearman rho with correlation coefficient and p-value presented. Location
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Figure 1. Comparison of index lesions on 68Ga-PSMA-PET/CT (A) and mpMRI (B). Le-
sion location was registered in a 12-segment model (C). Lesion size on PET and mpMRI
was compared by number of involved segments per lesion with corresponding segments.
When there was no corresponding segment, it was interpreted as separate lesion. In this
example, lesion location is concordant and lesion size is larger on 68Ga-PSMA-PET. Sa-
gittal view (inset) confirms one lesion on 68Ga-PSMA-PET/CT and not two separate

ones.

concordance was set as a per-patient categorical variable (all matching locations:

yes or no).

3. Results

Sixty-nine patients were included, characteristics are shown in Table 1. Mean
time between mpMRI and 68Ga-PSMA-PET/CT was forty days (SD + 106).
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Table 1. Patient characteristics. Risk stratification based on iPSA, gleason values and
clinical T-stage (digital rectal exam). ADT (androgen deprivation therapy) EBRT (exter-
nal beam radiation therapy) WW (watchfull waiting).

Age 67 £7 (mean * SD)
PSA ng/l (median) 17.0 (median) 3.8 - 120 (range)
n= (%)
Clinically significant prostatecancer Gleasongrade > 3 + 4 57 (81)
Low 5(7)
Pre-treatment risk stratification .

o Intermediate 17 (25)

for metastatic disease
High 47 (68)
Suspectedmetastasis Lymph node(s) 18 (26)
(PSMA-PET) Distant (M1a/b/c) 11 (16)
RALP 31 (45)
EBRT 11 (16)

Treatment . .
ADT (including postponed)
. . . 18 (26)
-with or without chemo- or radiotherapy

Active surveillance/ WW 9 (13)

Clinically significant prostate cancer (Gleason > 3 + 4) was detected in 57 (83%)
of 69 patients, with one diagnosis based on lymph node biopsy. Six patients had
a negative biopsy and six showed Gleason 3 + 3 cancer. 68Ga-PSMA-PET/CT
reader 1 (R1) showed false negative results in three patients with Gleason > 3 + 4
and reader 2 (R2) showed no false negative results. mpMRI showed false nega-
tive results in five patients (Table 2). This resulted in a sensitivity of 95% for R1,
100% for R2 and 91% for mpMRI. Specificity for Gleason = 3 + 4 was 67% for
both PET readers and for mpMRI as well. Negative predictive valuewas 73% for
R1, 100% for R2 and 62% mpMRI. Positive predictive value was 93% for all. Di-
agnostic accuracy was 89% for R1, 93% for R2 and 86% for mpMRL

In 60 patients a lesion (PIRADS > 3) was present on mpMRI. In 58 patients
(97%) a concordant lesion was registered on 68Ga-PSMA-PET/CT (Likert > 3).
In 46% of patients more segments were involved on 68Ga-PSMA-PET/CT ver-
sus in 23% of patients on mpMRI.

SUVmax of the most active lesion was correlated to Gleason grade (Figure 2).
SUVmean background had a range of 1.0 to 3.0. The correlation of SUVmax
with Gleason grade was slightly better than the correlation of the ratio of SUV-
max target lesion/SUV mean background with Gleason grade, r = 0.583 vs r =
0.518. Lowest SUVmax value for a clinically significant lesion (Gleason = 3 + 4)
was 4.2. Highest value for a lesion in a patient without prostate cancer was 4.8.
Two patients with Gleason 3 + 3 prostate cancer had a SUVmax of 15.1 and 16.

Extracapsular extension (ECE) was scored positive on 68Ga-PSMA-PET/CT
in 37 patients by reader 1 and in 19 patients by reader 2, mpMRI scored 30 of 69
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Table 2. Diagnostic results of MRI and PET (R1; reader 1, R2; reader 2) compared to
histopathology results. A positive result was defined as PI-RADS 2 4 or Likert > 4. False
positive results for MRI and two PET readers were comparable. False negative results
were more present in MRI (including missing of 2 Gleason 8 lesions). *histopathology
from lymph node metastasis, no Gleason grade available.

Pathology MRI (n =) PETRI1 (n =) PETR2 (n =)
Gleason (n=) Positive =~ Negative  Positive =~ Negative  Positive ~ Negative
benign 6 1 5 2 4 1 5

6 6 3 3 2 4 3 3

7 30 27 3 27 3 30 0

8 12 10 2 12 0 12 0

9 10 10 0 10 0 10 0

10 4 4 0 4 0 4 0

Metastasis* 1 1 0 1 0 1 0
100.0

A

10.0

SUVmax (logarithmic scale)

r=0.583 p<0.001

neg 6 7 8 9 10

Figure 2. (A) Correlation between maximal prostate activity (SUVmax in prostate) and
Gleason grade. Mean (SUVmean) background prostate activity was 2.0 £ 0.5 (range 1.0 -
3.0; dotted line). (B) example of Gleason 3 + 3 tumor (arrows) with low PSMA-binding
(SUVmax 4.1) (C) example of Gleason 5 + 4 tumor with high PSMA-binding (SUVmax
37.4) and extra-prostatic extension.

patients as positive. Diagnosis in 68Ga-PSMA-PET/CT and mpMRI was consis-
tent in 63% of patients for both readers. Seminal vesicle invasion (SVI) was
present on 68Ga-PSMA-PET/CT in 10 patient for R1 and in 15 patients for R2,
mpMRI scored positive in 14 of 69 patients. Diagnosis in 68Ga-PSMA-PET/CT
was consistent with mpMRI in 90% of patients for reader 1 and 89% for reader 2.
Prostatectomy was performed in 31 of 69 patients. 18 of those patients had
ECE and six SVI. In two patients both 68Ga-PSMA-PET/CT and mpMRI scored
SVI as positive. The others were falsely negative by interpreting Likert 3 as nega-
tive (Figure 3). Results of evaluation of ECE and SVT are presented in Table 3.
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Table 3. Diagnostic results of MRI and 68Ga-PSMA-PET/CT (R1; reader 1, R2; reader 2)
compared to histopathology results. A positive result was defined as Likert > 4.

Prostatectomy subgroup (n = 31)

R1 R2 mpMRI
Positive (n) 11/18 6/18 9/18
Histopathology
Negative (n) 8/13 13/13 9/13
Extracapsular -
. Sensitivity 61% 33% 50%
extension

Specificity 62% 100% 69%

Positive predictive value 69% 100% 69%

Negative predictive value 53% 52% 50%

R1 R2 mpMRI
Positive (n) 2/6 2/6 2/6
Histopathology
Negative (n) 25/25 25/25 25/25
Seminal vesicle L
i . Sensitivity 33% 33% 33%
invasion

Specificity 100% 100% 100%
Positive predictive value 100% 100% 100%

Negative predictive value 86% 86% 86%

Figure 3. Evaluation of seminal vesicle invasion. (A) mpMRI: symmetrical base of semin-
al vesicles on T2 weighted images without diffusion restriction ((A) lower right panel),
invasion not likely. (B) Asymmetrical uptake of PSMA (arrow) with increase in the base
of right seminal vesicle, suspect for T3b stage. Histopathology showed invasion of the
base of the right seminal vesicle.

4. Discussion

68Ga-PSMA-PET/CT detected more patients with clinically significant prostate
cancer than mpMRI. Sensitivity for clinically significant cancer was slightly higher
(reader 1 95% and reader 2 100%) for 68Ga-PSMA-PET/CT than for mpMRI
(91%) with equal specificity. These results are in line with previous published
studies. Kalapara et a/ showed a sensitivity of 94% for both 68Ga-PSMA-PET/CT
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and mpMRI [18], and Donato et al showed a sensitivity of 94% for 68Ga-
PSMA-PET/CT with lower detection rate for mpMRI [14]. Specificity in our
study was 67%, this is lower than in the study of Donato et al. (90%) and could
be dependent on population composition. The chance of a false positive lesion is
lower in a population of men with proven prostate cancer, than in a mixed pop-
ulation composed of both men with prostate cancer and without. However, Lop-
ci et al. showed high specificity of 90% in a mixed population as well [30]. They
performed PSMA-guided biopsies. In our study, the histopathological gold stan-
dard was random biopsy and could have been falsely negative. For example, one
patient with a very suspicious lesion on both 68Ga-PSMA-PET/CT and mpMRI
had negative biopsy, two years later Gleason 4 + 4 prostate cancer was detected.
This case emphasises the importance of image guided biopsy.

Locations on mpMRI and 68Ga-PSMA-PET/CT were concordant, without
more additional foci on PET. Donato et al. showed beneficial results for 68Ga-
PSMA-PET/CT to detect multifocal disease, which implied a higher sensitivity
for 68Ga-PSMA-PET/CT. Two other studies showed larger tumour volumes on
68Ga-PSMA-PET/CT [15] [31]. This is in line with our results, as 68Ga-PSMA -
PET/CT showed more affected segments.

Earlier studies showed that approximately 5% - 10% of clinically significant
prostate cancer does not show high PSMA-receptor expression [32]. Our popu-
lation included a patient with a Gleason 5 + 4 tumour with relatively low PSMA-
uptake. Despite low uptake, this tumour was indicated as target lesion by stand-
ing out against prostate background activity. Uprimny ef al showed that in 9%
of patients the lesion did not stand out from prostate background [22]. These
were all Gleason 6 or 7 graded tumours and PSA levels were <10 ng/ml. PSA le-
vels of the three falsely negative patients in our study as evaluated by reader 1 on
68Ga-PSMA-PET/CT were 8.8; 3.9 and 8.9 ng/ml.

Sensitivity of ECE was low for both 68Ga-PSMA-PET/CT and mpMRI. Sensi-
tivity for ECE with mpMRI in our study was only 50%, comparable with the ac-
knowledged low sensitivity 57% in a meta-analysis [33]. However, specificity in
this meta-analysis was high (91%), while our specificity was 69%. Specificity for
mpMRI may have been low because “likely” ECE was included as positive. There
are a few studies that evaluated extra-prostatic extension on PSMA-PET/CT.
Klot et al. showed high sensitivity of 90% based on 6 positive patients in a popu-
lation of 21 [25]. Muehlematter et al showed an increase in sensitivity from 46
to 69% when adding PSMA-PET to mpMRI [26]. In our study ECE was based on
intensity of the lesion and proximity to the capsule. However, inter-reader dif-
ferences were substantial. Acceptable inter-reader differences regarding sensitiv-
ity were decribed by Muehlematter et a/ who included four readers, inter-reader
reliability regarding specificity was better. More training would probably result
in more coherent results of both readers. While Muehlematter et al. advocated
for the combined values of PSMA-PET and mpMRI, Chen et al showed that

mpMRI has no additional value and Yilmaz shows no additional value of PSMA-
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PET for diagnosis ECE [34]. Criteria regarding ECE evaluation could be of in-
fluence, diagnosis based on angulated contour and obliteration of recto-prostatic
angle showed best results [25] [34].

Whole group results in our study for diagnosis SVI in 68Ga-PSMA-PET/CT
were more robust than for ECE and showed acceptable inter-reader variation.
Diagnosis was consistent with mpMRI results. Sensitivity and specificity cannot
be reliable determined as numbers in the prostatectomy-subgroup were too small.
This problem is difficult to overcome as was emphasised by others as patients
with SVI will often not have a prostatectomy and as such no definitive histopa-
thology is available [25] [26]. Most mpMRI studies encountered this problem as
well [33].

Study results show convincing evidence of additional value of 68Ga-PSMA-
PET/CT in detection of prostate cancer. For successful clinical use, PET guided
biopsies are required. Several have shown that PET/CT-TRUS fused biopsies are
technical feasible and these experiences are shared by our group [20] [35] [36]
[37].

The PROMIS-trial has shown that using mpMRI to triage men might allow
27% of patients avoid a primary biopsy and diagnosis of 5% fewer clinically in-
significant cancers [1]. Sensitivity was 93%. Results for PSMA-PET imply that
sensitivity might even be better than with mpMRI. Donato et a/ found clinically
significant prostate cancer in 70% - 80% of patient with negative mpMRI [17].
This could be at cost of finding more clinically insignificant cancer. Our study
showed intense PSMA-uptake in two patients with Gleason 3 + 3 tumour,
mpMRI was evaluated as PI-RADS 3 and 4. Uprimny et al. showed comparable
results with a positive correlation between SUVmax and Gleason grade, but with

several outliers, SUVmax values for Gleason 3 + 3 had a range up to 19.3 [22].

5. Conclusion

Blinded evaluation of 68Ga-PSMA-PET/CT showed higher sensitivity than mpMRI
for the overall detection of primary prostate cancer in a clinical cohort of pa-
tients with and without prostate cancer. Evaluation of extra-prostatic extension
and seminal vesicle invasion on 68Ga-PSMA-PET/CT is comparable to mpMRI.
68Ga-PSMA-PET/CT can probably replace mpMRI as initial diagnostic step, while
PET-guided biopsies are feasible.
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